To compare body mass index (BMI), waist -hip ratio (WHR) and waist circumference as predictors of all-cause mortality among the elderly. DESIGN: Population-based cohort study; mean follow-up was 5.4 y. SETTING: The Rotterdam Study. PARTICIPANTS: A total of 6296 men and women; baseline age 55 -102 y. MEASUREMENTS: Sex-specific all-cause mortality was compared between quintiles of BMI, WHR and waist circumference and between predefined categories of BMI and waist circumference, stratified for smoking category. RESULTS: High quintiles of waist circumference, but not high quintiles of BMI and WHR were related to increased mortality among never smoking men, without reaching statistical significance. Only the highest category of BMI (BMI > 30 kg=m 2 ) among never smoking men was related to increased mortality, compared to normal BMI (hazard ratio 2.6 (95% confidence interval: 1.3 -5.3)). Waist circumference between 94 and 102 cm and waist circumference 102 cm and larger were related to increased mortality, compared to normal waist circumference (hazard ratios 1.7 (95% confidence interval 1.1 -2.8) and 1.6 (95% confidence interval 1.0 -2.8), respectively). The proportion of mortality attributable to large waist circumference among never smoking men was three-fold the proportion attributable to high BMI. Among never smoking women and ex-and current smokers, categories of large body fatness did not predict increased mortality. CONCLUSION: Among never smoking elderly men waist circumference may have more potential for detecting overweight than the BMI.
Introduction
A high body mass index (BMI) in the elderly is found to be related to increased mortality in some but not all studies. However, the BMI -mortality relation seems to be less pronounced in elderly than in younger populations. 1 -11 Explanations for the weaker BMI -mortality relationship in the elderly are selective survival and the higher mortality rates among older populations. Another explanation is the different association between BMI and body fatness in older compared to younger populations, as the fat-free mass declines and the body height diminishes with ageing. 12, 13 Therefore, our study examined the usefulness of other measurements of body fatness than BMI to detect overweight in the elderly. The use of the waist circumference has been proposed as an index of intra-abdominal fatness and overall body fatness. At least in middle-aged populations a large waist circumference identified subjects at increased cardiovascular risk and with a high prevalence of other health outcomes.
14,15 BMI, waist -hip ratio (WHR) and the waist circumference are compared as predictors of increased all-cause mortality in the elderly.
Methods

Study population
The Rotterdam Study is a cohort study among 7893 subjects aged 55 y and over from Ommoord, a suburb of Rotterdam, The Netherlands. 16 All 10 275 eligible participants were invited to participate, of which 78% responded. Baseline examinations took place from March 1990 until July 1993. The Medical Ethical Committee of Erasmus University Medical Centre approved the study and written informed consent was obtained from all participants. The original objective of the Rotterdam study was to investigate determinants of chronic and disabling cardiovascular, neurogeriatric, locomotor and ophthalmologic diseases. For the purpose of the present study data were used from all 6296 subjects who had full data on all three body fatness measurements and smoking.
Measurements
During a home visit trained interviewers administered a questionnaire, including questions on smoking behaviour. Subjects were defined as never, ex-or current smokers at baseline. The home visit was followed by two extensive clinical examinations at a research centre in the suburb of Ommoord, which included anthropometric measurements. Participants residing at homes for the elderly who were not able to visit the research centre because of a disability were examined at their home. Height and weight were measured with the participants standing without shoes and heavy outer garments. BMI was calculated as weight divided by height squared (kg=m 2 ). Waist circumference was measured at the level midway between the lower rib margin and the iliac crest with participants in standing position without heavy outer garments and with emptied pockets, breathing out gently. Hip circumference was recorded as the maximum circumference over the buttocks. WHR was consequently calculated as the ratio of waist circumference over the hip circumference.
Sex-specific quintile cut-off points were defined for BMI, WHR and waist circumference for each smoking category (Table 2) . Predefined categories for BMI were defined according to the WHO guidelines. 17 A BMI under 18.5 kg=m 2 was considered underweight; BMI between 18.5 and 25 kg=m 2 as normal weight; BMI between 25 and 30 kg=m 2 as grade I overweight; and BMI between 30 and 40 kg=m 2 as grade II overweight, which is also referred to as obesity or severe overweight. Ranges include the left endpoint, not the right. One male and 22 female subjects, who had BMI over 40 kg=m 2 , were added to the grade II overweight class. For the predefined categories of large waist circumference the sex-specific action levels suggested by Lean et al were used. 18 Regarding men, we defined waist circumference under 79 cm as small, and waist circumference between 79 and 94 cm as normal. Waist circumference between 94 and 102 cm is above action level 1; waist circumference above 102 cm is above action level 2. Regarding women we defined waist circumference less than 68 cm as small, and waist circumference between 68 and 80 cm as normal. Waist circumference between 80 and 88 cm is above action level 1, and waist circumference above 88 cm is above action level 2. Predefined categories of WHR were not assessed in relation to allcause mortality. Only dichotomous classifications have been proposed regarding WHR and, while different cut-off points have been suggested for WHR, no consensus has been reached. 19 Follow-up Information on vital status was acquired at regular intervals from the municipal authorities of Rotterdam. In addition, general practitioners in the study district of Ommoord provided computerised reports on the deaths of participants on a regular basis. General practitioners outside the study region were contacted yearly to obtain information on vital status. The end of follow-up was set at 1 January 1998. The mean duration of follow-up was 5.4 y.
Statistical methods
Sex-specific hazard ratios of all-cause mortality were calculated for BMI, WHR and waist circumference as continuous variables to study linear trends between the body fatness measurements and mortality using Cox's proportional hazards model (proc. phreg, SAS). To calculate whether there was a U-shaped relation between the body fatness measurements and mortality, a quadratic term was included in the model. Hazard ratios were also calculated for quintiles of BMI, WHR and waist circumference. In addition, hazard ratios were also calculated per predefined category of BMI and waist circumference. The second quintile and second predefined category of body fatness measurements were taken as the reference because the mortality rate was expected to be elevated at the lower end of the body fatness measurements, as at least observed for low BMI. 1 -3,10 The population attributable fractions (AF) of mortality were calculated according to
with P being the proportion of men in the body fatness category and RR the corresponding hazard ratio.
Adjustments were made for age as a continuous variable, but not for levels of cholesterol and blood pressure. Cholesterol and blood pressure are possible intermediates in the causal chain between body weight and mortality. 20 Smoking is known to confound or modify the overweight-mortality Predictors of mortality among the elderly TLS Visscher et al relationship. 2, 3, 20 Therefore analyses were performed for never, ex-and current smokers separately.
Results
Average BMI was higher among women than among men. Mean WHR and waist circumference were higher among men than among women (Table 1) . BMI was not linearly related to increased mortality among never smoking men (P ¼ 0.93) and never smoking women (P ¼ 0.26) when assessed as continuous variable. WHR was linearly related to increased mortality in never smoking men (P ¼ 0.04), but not in never smoking women (P ¼ 0.98). Also waist circumference was linearly related to increased mortality in never smoking men (P ¼ 0.03), but not in never smoking women (P ¼ 0.64). In current and ex-smokers BMI, WHR and waist circumference were not linearly related to increased mortality.
A U-curved relation between BMI as continuous variable and mortality was observed in never smoking men (P for the quadratic BMI term is 0.00) and never smoking women (P ¼ 0.04). P-value for the quadratic WHR term was 0.06 for never smoking men and 0.55 for never smoking women. No U-curve was observed for the relation between waist circumference and mortality among never smoking men (P ¼ 0.10) and women (P ¼ 0.69). In the other smoking categories statistical significance for a quadratic term was found for BMI and waist circumference in ex-smoking women, and for WHR in current smoking women.
High quintiles of BMI and WHR were not related to increased all-cause mortality among never smoking men (Table 2) . However, high quintiles of waist circumference were related to increased mortality compared to the second quintile, although not statistically significantly (Figure 1 ). Among never smoking women, and ex-and current smokers quintiles of BMI, WHR and waist circumference were not related to increased mortality among never smoking women (Tables 2 and 3 Figure 1 Age-adjusted hazard ratios of all-cause mortality among never smoking elderly men for quintiles of body mass index and waist circumference; Rotterdam Study (1990 -1998 (Table 4 ). Both categories of waist circumference between 94 and 102 cm and waist circumference above 102 cm were related to increased mortality among never smoking men. Waist circumference larger than 94 cm (49%) was much more common than BMI above 30 kg=m 2 (7%) among never smoking men.
The proportion of mortality attributable to BMI above 30 kg=m 2 was 10.1% among never smoking men. The proportion of mortality attributable to a waist circumference larger then 94 cm was 27.6% among the never smoking men. Among never smoking women, and among ex-and current smokers predefined categories of BMI and waist circumference were not related to all-cause mortality (data not shown).
Discussion
High quintiles of waist circumference, but not of BMI and WHR, predicted an increased risk of all-cause mortality among men who had never smoked. Analyses on predefined categories showed that waist circumference predicted increased mortality risk at a much lower level than BMI among these never smoking men. The fraction of mortality attributable to a large waist circumference ( > 94 cm) was almost three times higher than the fraction attributable to a high BMI ( > 30 kg=m 2 ) in never smoking men. Among never smoking women and ex-and current smokers, high levels of body fatness did not predict increased mortality. The use of waist circumference seems a promising alternative to BMI to detect overweight among elderly never smoking men.
BMI is not an optimal predictor of body fatness in the elderly, because body height diminishes and fat-free mass decreases with ageing. 12, 13 We confirmed earlier findings that BMI above 30 kg=m 2 , but not BMI between 25 and 30 kg=m 2 , is related to increased mortality among never smoking elderly men.
1 -3, 10 Allison et al calculated that for men aged 70 and over minimal mortality occurred at a BMI between 27 and 30 kg=m 2 , and for women at a level between 30 and 35 kg=m 2 . 10 We found only one other study that assessed the relationship between waist circumference and all-cause mortality among the elderly. Larsson et al found that in men aged 54 y and older mean BMI and waist circumference were similar in those who died and those who survived a 4.5 y period of follow-up. 21 Seidell et al showed that the sagittal waist diameter (waist depth), which is an alternative measurement for abdominal fatness, predicted subsequent mortality among men younger than 55, but not among men who were older than 55. 22 However, these two studies did not take smoking into Table 3 Age-adjusted hazard ratios and 95% confidence intervals of all-cause mortality for quintiles of body mass index, waist -hip ratio and waist circumference among elderly women; Rotterdam Study (1990 -1998 Predictors of mortality among the elderly TLS Visscher et al account, and thereby probably underestimated the role of abdominal fatness on mortality rates. The relationship between large waist circumference and increased mortality was found in never smoking men only, who constituted 16.3% of the men. It is not surprising that large levels of waist circumference did not predict mortality in ex-and current smokers. It was found earlier that relative risks of mortality for high BMI were lower among smokers than among never smokers. 2, 3 Being overweight does not add a detectable risk to the high absolute risk of mortality older smokers already have, and controlling body weight to prevent early mortality seems thus most relevant in never smokers. The proportion of never smokers among the elderly in society will increase in the future to more than 16.3% as the participants of the Rotterdam Study grew up in a time period in which smoking was much more common than it is today. There is no reason to believe, however, that the relation between large waist circumference and increased mortality will be different among never smoking men from populations in which smoking is less common.
An explanation for the different relation between large waist circumference and all-cause mortality among men and women may be a relatively late onset of abdominal obesity among women compared to men. Among women a redistribution of fat is seen after the menopause from the locations around the hips and buttocks to the abdominal region. 23 Also, levels of bioavailable endogenous oestrogens are relatively increased in postmenopausal women with abdominal obesity. 24 Increased levels of oestrogens in obese women may lead to a slightly increased risk of breast cancer, but may favourably affect risk of coronary heart disease. Possibly, the balance of these effects leads to a relatively reduced all-cause mortality rate among obese women who are older than menopausal age. 25, 26 A large waist circumference predicted future coronary heart disease among women from the Nurses Health Study aged 60 -65, but less strongly than among women aged 40 -59. 27 Furthermore spinal shrinkage at older age, 28 leading to a larger waist circumference even when amount of fat remains constant, could lead to different relations between waist circumference and body fat between men and women.
Quintiles of WHR were less clearly related to increased mortality than quintiles of waist circumference. In JapaneseAmerican men aged 71 -93, Kalmijn et al found a positive association between quintiles of WHR and all-cause mortality, whereas quintiles of BMI were negatively related to allcause mortality. 29 Larsson et al found that in men aged 54 y mean WHR was higher in those who died than in those who survived a 4.5 y period of follow-up. 21 However a large WHR may not only reflect a large waist circumference, but also a small muscle area in the thigh measured, as shown by computed tomography. 30 In elderly populations lean body mass is known to decline with age. 11 The waist circumference is easier to interpret than the ratio between waist circumference and hip circumference (WHR), especially in the elderly. 31 The participation rate of the Rotterdam Study was high, 78%, and also included subjects with poor mobility, as they were visited at home. Unfortunately we did not have complete data on life-threatening disease status at baseline and did not ask for weight change before baseline. Excluding subjects with a life-threatening disease would have made it possible to adjust for pre-mortal weight loss caused by premortal morbidity. Excluding these subjects would probably have affected more the lower categories of BMI and waist circumference, thereby underestimating the hazard ratios of mortality for the largest categories. A more commonly used method to take into account an effect of pre-mortal weight loss on the relationship between overweight and mortality, is to disregard mortality within the first few years of followup. 20 Obviously, our period of follow-up was too short to do so. However, Allison et al concluded from a large metaanalysis that this may have only a minuscule impact on the relative risks, especially for the categories of large body weight. 32 Action levels used for waist circumference are based on studies by Lean et al. 18 In their studies, which focused on middle-aged men and women, waist circumferences above the action levels were related to respiratory symptoms, increased levels of cardiovascular risk factors, increased prevalence of diabetes, lower back pain and difficulties of physical functioning. 15 Measuring waist circumference is easy and can be done by individuals themselves. The reliability of self-measured waist circumference is high, at least in the middle-aged. 33 The action levels of 94 and 102 cm for men and 80 and 88 cm for women are currently widely recommended but it should be noted that they are still under debate. 19 To define age-specific action levels and to learn more about waist circumference as potential measurement of fatness among women, further studies are needed that assess waist circumference in relation to morbidity and disability. Morbidity and disability are highly important outcomes with regard to successful ageing. 34 It was thought that being overweight is related to increased mortality risk among the elderly in a small proportion of individuals only who have extreme levels of overweight. We conclude that measuring waist circumference in never smoking men detected more individuals that were at increased risk of mortality than did measuring BMI. The present study suggests that measuring waist circumference may have more potential for detecting overweight among elderly men than measuring BMI.
